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1. Optics of the lens
Simulation
(Bahrami et al. 2014) (Rosales et al., 2006)  (Hermans et al., 2007)
Biconvex lens with complex inner structure
Optics of the crystalline lens: 
Power
1.- The primary function of the ocular lens is to refract light 
after it passes through the cornea to focus on the retina
(Jongenelen et al. IOVS, 2014)
Dioptric power (average):
Pcornea = 42.5 D
(Hermans et al. 2007)
Plens = 24.96 D
Peye = 62.6 D
[68%] [40%]
2.- A secondary function the lens in some species is to 
accommodate to increase the refracting power of the eye
to focus near objets
Optics of the crystalline lens: 
Accommodation
Courtesy of A. Glasser
The optical properties of the lens change dramatically 
with increasing age





(Jongenelen et al., 2014)










Active focus of objects Continuous growth
Weight
(Glasser & Campbell, 1999)










Conicoid surfaces: Hyperbolas Q < -1
Apical radii: +10.2 mm (anterior) -6 mm (posterior)
GRIN
   pnoP rnZn 2,  
Realism & complexity
Convex surface Concave surface












GRIN: inhomogeneous distribution of refractive index




























Effective  ne > central n0 > mean nm > surface ns
Effective index greater than physiological values 

















Accommodation is the process by which 
the eye changes optical power to maintain a 
clear image on an object as its distance 
varies.
Hermann von Helmholtz
(Rosales et al, 2008)





















































Lens changes @ 9 D accommodation
• Equatorial diameter decreases ~0.4 mm (10 → 9.6 mm)
• Anterior pole moves forward ~0.3 mm (ACD ↓) power ↑
• Surface curvature increases (Ra:   11 mm → 5.5 mm) power ↑↑↑
• Axial thickness increases (T: 0.36 → 0.58 mm) power ↓ (slight)
• Lens sinks ~0.3 mm due to gravity (lack of zonular tension). Misalignm











Hyperelastic model of accommodation 
and presbyopia
(Lanchares, Navarro, Calvo, 2012)







































0D 1.4D 3.9D 10.9D5.9D
(Vilupuru, et al. 2004)
Accommodative Changes in Aberrations




[López-Gil et al. IOVS, 2008]




[Ivanoff, 1953] [He et al. 2000] [Sotiris et al. 2004][Chen et al.  2004]
Higher-order aberrations 











Linear approximation: AA = 15 – 0.25 A  (A: years; AA diopters)
Presbyopia







Glasser & Campbell, Vision Resea
Age (years)
































SA = AGE * 0.394 - 15.675






The functions of the primate lens are to refract light passing throug
cornea to focus on the retina and to accommodate
The refractive power of the lens is due to the surface curvatures a
lens gradient refractive index
The lens undergoes accommodation by virtue of an increase in the
anterior and posterior surface curvatures
Optical and physical properties of the lens are highly coordinated d
accommodation and aging
The lens continues to grow and the optical properties change throu
life
The lens gradient refractive index changes with age, becoming fla
the nucleus in older lenses 
Thank you for your attention!
Email: Rafaelnb@unizar.es









Ra (20 y) = 11.4 mm  Ra (60 y) = 9.22 mm 
Increase:  ‐ Size (nucleus) 
‐ External curvatures
(axial thickness)
Decrease:  ‐ GRIN (more homogeneous)
‐ Elasticity (stiffer lens)
